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[57] ABSTRACT

According to an assigning method and its apparatus
having a resource use recording section for recording a
use state of a resource necessary for executing given
operations, a functional unit possession recording sec-
tion for recording information representing an inexecu-
tion functional unit, and an operator information man-
agement section for storing an operation executable by
each functional unit and a clock count necessary for
executing the operation, in order to assign an operation
selected from the operations (by the operation selection
step) to an optimal functional unit, the use state of the
resource 1s checked from the resource use recording
section (with reference to the usable resource decision
step), the operation executable functional unit is found
from the operation unit possession recording section (by
the operation assignable unit decision step). A clock
count necessary for executing the operation in the exe-
cutable functional unit is considered with reference to
the operator information management section. The op-
timal functional unit to be assigned with the selected
operation is selected and decided (finally by the func-
tional unit selection step), thereby performing an effec-
live operation assigning process.

9 Claims, 6 Drawing Sheets
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OPERATION ASSIGNMENT METHOD AND
APPARATUS THEREFOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an operation assign-
ment method and its apparatus using a processor having
a plurality of functional units to selectively assign oper-
ations constituting an operation sequence to the func-
tional units, thereby effectively executing the operation
sequence.

2. Description of the Related Art

A technique for causing a processor having a plural-
ity of functional units to parallelly execute the individ-
ual operations constituting an operation sequence is
available as a technique for executing the operation
sequence at high speed. In general, units having differ-
ent functions and units having identical or equivalent
functions are present in the plurality of functional units
in the processor. It is, therefore, important to properly
determine an assignment correspondence between each
operation and each functional processor so as to pro-
cessing.

The related art in which a plurality of operations are
selectively assigned to a plurality of functional units and
the respective operations are executed is described in
the following literature in detail:

“Bulldog; A Compiler for VLIW Architectures™

John R. Ellis, The MIT Press
Operations (1.e., types of operation) executable in each
functional unit are limited depending on its process
functions. For this reason, operations must be selec-
tively assigned to functional units capable of executing
specific operations in accordance with the types of
operations. In order to selectively decide an assigning
correspondence between the functional units and the
operations. the types of operations and the functions of
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functional units must be carefully taken into consider- 4

ation.

In practice, when a given operation is to be assigned
to a given functional unit after consideration of such a
constraint, the given unit has often been used for (or
assigned to) another operation and cannot be assigned
with the given operation. In this case, the assignment
process of the given operation is delaved until the exe-
cution of the current operation in the given functional
unit 1s completed, or an assignment destination of the
given operation must be changed to another functional
unit having an identical function.

A functional unit which executes one operation with
a given clock count may execute another operation
with a clock count different from the given clock count.
When the assignment destination (i.e., target functional
unit) of the given operation is changed, an execution
process time of the given instruction may be prolonged
against expectation.

When the assignment process is executed upon selec-
tion of only functional units having smaller clock counts
(so-called ““high speed’’) required to execute operations,
assignment of operations is concentrated on only a spe-
cific functional unit. As a result, the assignment process
speed of the operation sequence as a whole and the
execution speed tend to be undesirably reduced.

It 1s difficult to increase an execution speed of an
operation by considering only the function of each
functional unit and the types of operations. Demand has
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arisen for realizing a method and apparatus for eff;-
ciently assigning operations.

In a conventional system for selectively assigning a
plurality of operations constituting an operation se-
quence to a plurality of functional units and parallelly
executing the operations, not only the functions of the
functional units and the types of operation to be as-
signed to target units are taken into consideration, but
also the operation assignment process must be executed
while assignment conditions of the operations assigned
to the plurality of functional units are taken into consid-
eration. Therefore, an “operation assigning technique”
Is required to perform a (complicated) assignment pro-
cess at high speed and efficiently execute the operations.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to
provide an operation assignment method and its appara-
tus capable of efficiently assigning operations to a plu-
rality of functional units for achieving high-speed exe-
cution of the operations in consideration of operation
possession conditions of the functional processor serv-
Ing as a resource required for operation execution.

According to an operation assignment method and its
apparatus of the present invention, there are provided a
resource use recording section for recording resources
necessary for operation execution in units of operations,
a functional unit possession recording section for re-
cording information of a functional unit under opera-
tion execution, and an operator information manage-
ment section for storing operations executable in each
functional unit and clock counts required for operation
execution. In selective assignment of operations se-
lected from the operation sequence to the plurality of
functional units constituting the processor, the follow-
ing three procedures (1) to (3) are executed to effi-
ciently perform the operation assignment at high speed.
That is,

(1) The resource use recording section is referred to
check if a resource (e.g., a functional unit or a register)
necessary for executing a selected operation is set in an
in-use state.

(2) If the resource necessary for executing the opera-
tion 1s determined to be usable currently, the functional
unit possession recording section and the operator in-
formation management section are referred to retrieve a
functional unit which can execute this operation.

(3) Of all functional units capable of executing this
operation, a functional unit capable of executing this
operation is selectively determined.

More specifically, a functional unit to be selected
based on a decision criterion and its conditions are given
as (a) to (c):

(2) a functional unit having a smallest clock count for

executing the instruction:

(b} a functional unit having a smallest clock count to
execute a subsequent operation and selected from
assignable functional units obtained with reference
to the operator information management section:
and

(c) a functional unit having a predetermined priority.

When a resource necessary for executing the opera-
tion is set in an in-use state and is determined not to
execute the operation, or when any functional unit
which can be assigned with the operation is not found as
a result of reference, the alignment process of the func-
tional units for the operation is interrupted, and an as-
signment process of another operation is started.
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According to the operation assignment method of the
present mvention. after the use conditions of the re-
source required to execute an operation selected from
the operation sequence are checked, a functional unit
which can execute the operation is found. A clock 5
count required for execution in a functional unit which
can execute this operation and the like is taken into
consideration, and an optimal functional unit to which
the operation is assigned is selected and decided.

An operation assignment process for the plurality of 10
functional units which achieve operation execution at
the highest speed can be optimally and efficiently per-
formed in accordance with the current operation assign-
ment conditions of the plurality of functional units.

Additional objects and advantages of the invention 15
will be set forth in the description which follows, and in
part will be obvious from the description, or may be
learned by practice of the invention. The objects and
advantages of the invention may be realized and ob-
tained by means of the instrumentalities and combina- 20
tions particularly pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illus- 25
trate a presently preferred embodiment of the invention
and, together with the general description given above
and the detailed description of the preferred embodi-
ment given below, serve to explain the principles of the

invention. 30
FIG. 115 a functional block flow chart schematically

showing a method of the present invention;

FIGS. 2A and 2B are flow charts showing operation
assignment decision process procedures according to an
embodiment of the present invention: 35

FIG. 3 1s a program list representing an operation
sequence rearranged 1n an executable order;

FIGS. 4A, 4B and 4C are views showing a directed
acyclic graph of an operation string in the list of FIG. 3:

FIG. 5 1s a table showing an information content 40
registered in an operator information management sec-
tion:

FIG. 6 1s a table showing an assignment result of
functional units for a plurahity of operations;

FI1G. 7 1s a table showing another information content 45
registered 1n the operator information management

Seclion;
FIG. 8 is a table showing an assignment result of

functional units for the operations in FIG. 7; and
FI1G. 915 a schematic funcuonal block diagram of an 50
apparatus for realizing the method of the present inven-

t10m1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS s

A block flow chart in FIG. 1 shows schematic pro-
cess steps of an operation assignment apparatus for a
plurality of functional units about an “‘operaticn assign-
ment method”. A reference relationship of data or sig-
nals in the operation assignment process is represented 60
by broken hnes.

An apparatus 9 in FIG. 1 is a recording apparatus
including a resource use recording section 3, a func-
tional unit possession recording section §, and an opera-
tor information management section 6 (these sections 65
will be described in detail later). The recording appara-
tus stores various types of information necessary for
performing operation assignment.

4

Step 0 as the first step is a preparation step for setting
the recording apparatus 9 in a predetermined initial
state. This step allows execution of the subsequent pro-
cess, e.g., opening of a data file, flag initialization, and
allocation of various recording areas.

The next step is an operation selection step 1 for
selecting operations assigned to the plurality of func-
tional units and selected from an operation sequence. In
the operation selection step 1, an operation string (i.e., a
string consisting of a plurality of operation sentences)
constituting an operation sequence is rearranged in an
executable order, and the operations are executed in this
executable order. The operations selected in this opera-
tion selection step 1 are subjected to the selection deci-
sion process of the functional units for executing the
operations, 1.e., operation assignment to the plurality of
functional units.

In a usable resource decision step 2, whether a re-
source such as a register required to execute an opera-
tion selected in the operation selection step 1 is usable at
the present moment is checked by referring to a re-
source use recording section 3 (10 be described in detail
later).

However, when the resource required for executing
the operation selected in the operation selection step 11s
set in an n-use state and then a functional unit which
can execute the operation is confirmed not to be found
at present, the assignment process of the functional unit
for this operation is temporarily interrupted. Instead,
the assignment process for the next operation must be
started. In order to start the process procedures of this
operation, the flow returns to the operation selection
step 1 (Case of Impossible).

To the contrary, the resource recording section 3
decides in the usable resource decision step 2 that the
resource selected in the operation selection step 1 is
usable at present (Case of Possible), an operation assign-
able unit decision step 4 is started. The operation assign-
able unit decision step 4 locks up a functional unit pos-
session recording section 5 and an operator information
management section 6 (both will be described in detail
later) (b and c) and selects a functional unit to which the
operation is assignable.

When a functional unit which is assignable with the
operation 1s not found in the operation assignable unit
decision step 4, the assignment process for assigning the
operation to the functional unit is temporarily inter-
rupted. In order to start the assignment process for the
next (subsequent) operation, the flow returns to the
operation selection step 1 (Case of Impossible).

When any functional unit which is assignable with
the operation is found in the operation assignable unit
decision step 4 (Case of Possible), this information is
input to a functional unit selection step 7. The functional
unit selection step 7 basically has a function of assigning
the operation to the functional unit when only one func-
tion which is assignable with the operation is detected.
If there are a plurality of functional units which are
assignable with the operation, the operator information
management section 6 is referred to selectively decide a
functional unit which is to be assignable with the opera-
tion.

The resource use recording section 3 comprises a
recording apparatus for storing information represent-
Ing that resources such as registers included in func-
tional units to which an operation is assigned in the
functional unit selection step 7 are set in an in-use state
during execution of the operation. The functional unit
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possession recording section 5 is a recording apparatus
for recording in-use functional units to which an opera-
tion is assigned in the functional unit selection step 7.
These pieces of information are sequentially erased at an
end of execution of the operation. Therefore, the infor-
mation representing resources which are currently us-
able 1s stored in the resource use recording unit 3. The
functional unit possession recording section 5 stores
information of a functional unit which is not currently
usable.

The operator information management section 6
comprises a memory for storing types of operations
executable by the plurality of functional units and infor-
mation such as clock counts required for executing the
operations.

Assignment of the selected operations to the plurality
of functional units is executed by deciding assignable
functional units in accordance with information stored
In the resource use recording section 3, the functional
unit possession recording section 5, and the operator
information management section 6.

These recording sections (3, 5, and 6) may be tables
assigned 1n a memory area of a main memory which
stores necessary data of the method of the present in-
vention, or direct files having a high access speed.

FIGS. 2A and 2B are flow charts showing operation
assignment decision procedures for assigning to the
plurality of functional units operations constituting a
program executed by an apparatus which performs the
above-mentioned operation, e.g., a control processor.

This assignment process is performed by the follow-
Ing processing procedures (a sequence constituted by a
plurality of steps).

That s, the contents of the recording areas of the
resource use recording section 3 and the functional unit
possession recording section § are cleared 1o initialize
them (step a).

Operations (i.e., operation statements Or source pro-
grams) executed by the plurality of functional units are
then input, and the plurality of operations in operation
strings constituting the operations are given as @ to
(6) in FIG. 3 below (step b).

F1G. 3 shows operation strings as follows:

o lea rl, _var
' 1d r2,r1,0

3 1d r3.fp.— 4
(4} mul r4,12,r3
1di r0,1

(6) add r4,10,r4

The first identifier of each operation described above
represents an operation mnemonic, the second identifier
represents a destination register (i.e., a register which
stores a functional result), and the third and subsequent
identifiers represent a source register, a label, and a
value (numeric value).

Each operation sentence (operation statement) will
be briefly described below.

The operation statement @ represents an operation
for loading an address represented by label “_var” in a
register rl.

The operation statement @ represents an operation
for loading data having an address represented by the
register rl1 in a register r2.

The operation statement @ represents an operation
for loading data obtained by subtracting [4] from a
value of a register fp in a register r3.

The operation statement é represents an operation
for obtaining a product of a value of the register r2 and
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6

a value of the register r3 and loading the product in a
register r4.

The operation statement represents an operation
for loading a value [1] in the register r0.

The operation statement represents an operation
for adding a value of the register r0 and a value of the
register r4 and loading the sum in the register r4.

A plurality of directed acyclic graphs having rela-
tions shown in FIG. 4 are generated on the basis of the
operation string rearranged in the executable order
shown in FIG. 3. Assigning flags of roots of the di-
rected acyclic graphs are set to be ON. Each operation
to which an arrow is directed in each directed acyclic
graph can be executed after an operation as a root of the
arrow 1s executed operations at the roots of the arrows
in the directed acyclic graphs are operations assignable
at that moment. The presence of operations assignable
to the functional units can be represented by assigning
flags (ON/OFF) given to these roots.

After the above procedures are executed as pre-proc-
essing prior to the start of operation assignment, the
operation selection step 1 is started.

The operation selection step 1 is executed to deter-
mine whether a root corresponding to the OFF assign-
ing flag in each directed acyclic graph (i.e., an operation
i1s assignable to a functional unit but its assignment is not
completed) is present in accordance with the assigning
flags (step ¢).

If roots whose assigning flags are ON are found, one
of the roots is selected, and a node having a higher
execution priority in the directed acyclic graph corre-
sponding to the selected root is deleted (step d).

The usable resource decision step 2 is then started to
determine whether a register serving as an operand
source of an operation of the selected root whose node
15 deleted is set in an in-use state (step e). The resource
use recording section 3 checks whether the source oper-
and required to execute the selected operation is usable.

When the source operand required to execute the
selected operation is usable, the operation assignable
unit decision step 4 is started. The operator information
management section 6 is accessed to obtain a functional. -
unit which can execute the above operation and a clock
count required for executing this operation (step f).
That 1s, the operator information management section 6
stores predetermined information, e.g., information of
functional units which can execute each operation
shown in FI1G. §, a clock count required to execute the
operation in this functional unit, a resource which is
exclusively used during execution of this operation, and
its clock count. With reference of the operation infor-
mation management section 6 which stores the above
pieces of information, a functional unit which can exe-
cute an operation and a clock count required to execute
this operation in the corresponding functional unit are
obtained.

On the basis of the above pieces of information ob-
tained by the above processing, the functional unit pos-
session recording section § is referred to select a cur-
rently usable functional unit of the functional units
which can execute the operation (step g). That is, of all
the operation executable functional units selected with
reference to the operator information management sec-
tion 6, only a true operation assignable functional unit
except for functional units improper in current opera-
tion assignment 1s selected.

When all the functional units assignable with the
operation are not selected as the above-mentioned func-
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tional unit which cannot be currently assigned with the
operation due to an in-use state at present, or when it is
determined that the operation cannot be executed be-
cause of an in-use state of the source operand required
to execute the operation during processing of step e, this
operation s returned to the corresponding directed
acychic graph, and the assigning flag assigned to the
corresponding root is turned off (step k).

In order to assign remaining operations to functional
units, control returns to processing procedures starting
from step c.

The presence/absence of the functional unit assign-
able to the selected operation can be decided in the
operation assignable unit decision step 4 (step g).

As a result of the above decision, at least one assign-
able functional unit is present (i.e., if YES), one func-
tional unit is selected from the operation assignable
functional units obtained in the functional unit selection
step 7 (step h).

Decision associated with assignment of this func-
tional unit 1s performed in accordance with algorithms
(1) to (3) below.

(1) A functional unit having a smallest clock count
required to execute this operation is selected.

(2) An assignment destination (i.e., functional unit) is
decided to execute the next operation by a smaller clock
count.

(3) A functional unit assigned with the operation is
decided 1n accordance with a predetermined priority
given among those functional units.

Note that selection and decision of the functional unit
may be performed by an appropriate combination of
these “'assignment decision algorithms™. Alternatively,
the above algorithms may be executed in a predeter-
mined order to select and decide a functional unit to
which an operation is assigned.

When a functional unit which executes an operation
1s decided by the above procedures. the functional unit
possession recording section § stores information of the
selected functional unit and the clock count required to
execute the operation 1n the selected unit (step i).

When the destination register is locked and is exclu-
sively used by a given operation during execution of the
given operation, its register number and a clock count
to be locked are stored in the resource use recording
section 3 (step )).

Decision for assigning the operation selected by the
above procedures to the functional unit is completed by
the series of processing means described above. Pro-
cessing 1s started again from step ¢ to determine
whether roots whose assigning flags are ON are left. If
a root whose assigning flag is ON is found, decision for
assigning the corresponding operation to a functional
unit 1s repeated.

As described above, when operations corresponding
to all the roots having ON assigning flags are assigned
to functional units, it is determined whether an opera-
tion 1s left in each directed acyclic graph (step 1).

If no operation 1s left in each directed acyclic graph,
a series of assignment decision processing is completed
(1.e., contro] reaches END).

If at least one operation is left, remaining counters in
the resource use recording section 3 and the operation
unit possession recording section 5 are decremented by
one each (step m).

The assigning flags of the remaining roots of the
directed acyclic graphs are set 10 be ON, respectively,

(step n).
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Operation assignment to functional units which have
not been assigned with specific operations is completed
at this time, and an NOP (Nonoperation) operation is
output to synchronize functional execution between
functional units (step o).

Functional unit assignment about roots whose assign-
ing flags are newly set to ON is repeatedly executed.
When the above assignment of all operations to the
functional units is performed, assignment of all the func-
tional units for performing a plurality of operations
constituting given operations is decided.

Processing procedures in decision for assigning oper-
ations to functional units are performed, as shown in
F1G. 3. For example, operations to are given in
an executable order, the directed acyclic graph shown
in F1G. 4A is generated first. The roots in this directed
acyclic graph are determined so that operations @, @
and are obtained, and the corresponding assigning
flags are set to be ON.

One of the roots, e.g., the operation @ iIs selected,
decision for assigning the operation to a functional
unit is started. An operand source of the operation @
is checked to be {_var]. The resource use recording
section 3 1s cleared to an initial state. In this case, since
the source operand [_var] is not registered yet, a usable
state of this resource is requested. Therefore, processing
in step f is started.

In this processing, the operator information manage-
ment section 6 is looked up or referred. A clock count
required to execute the operation [lea] in functional
units [ALU1] and [ALU2] which can execute operation

mnemonic [lea] represented by the information reg-
istered in the operator information management section
6 shown in FIG. § is [1]. There is no resource which is
exclusively used to execute the operation @

Functional units assignable to the operation @ are
found to be [ALU1] and [ALU2].

A functional unit to which the operation @ Is actu-
ally assigned is selected. In this case, since these two
functional units have identical functions and their clock
counts for executing the operation are equal to each
other, any one of the functional units [ALU1] and
JALU2] is selected.

When assignment of the operation @ to the func-
tional unit which executes this operation is completed
by the above procedures, information representing pos-
session of the [ALU1] within a one-clock period is re-
corded 1n the functional unit possession recording unit.
Since an exclusively used resource is not present at the
time of execution of the operation [lea], nothing is re-
corded in the resource use recording section 3. When
processing for the operation 1s completed, the di-
rected acyclic graph is changed (updated) to the di-
rected acyclic graph shown in FIG. 4B.

In this state, the next root ((3)) is selected. In this
case, the assigning flags corresponding to roots of the
operations @ﬁ (.‘ﬁ and {3 ) in FIG. 4B are set to be ON.

When the operation 1s selected as the next root,
the functional unit [ALU2] is assigned to the operation
[1d] represented by upon execution of the same
algorithms as described above. In this case, information
representing the possession of the functional unit
[ALU2] within a one-clock period is recorded in the
functional unit possession recording section 5. At the
time of execution of this operation, the destination regis-
ter 1s exclusively used within a two-clock period. These
pieces of information are obtained from the information
registered in the operator information management
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section 6. Therefore, information of the destination
register [register r2] of the operation and informa-
tion representing possession of this register within the
2-clock pertod are stored in the resource use recording
section 3.

Decision for assigning the next operation to a func-
tional unit 1s started again. In this case, assigning flags
assigned to the roots corresponding to the operations

and @ in a directed acyclic graph (although not
shown) are set to be ON. In this case. one of the opera-
tions 8@ and 1s selected. However, even if either
operation is selected, the fact that a functional unit
assignable to this operation is not left is required from
information recorded in the functional unit possession
recording section 3. Processing in step k shown in FIG.
2 to set assigning flags assigned to the roots correspond-
ing to the selected operations to be OFF. When the next
operation is selected, no functional unit assignable to
this operation is present. Therefore, the assigning flag
for the root corresponding to this operation is set to be
OFF. This processing is repeated to set assigning flags
of all the roots to be OFF.

When the processing procedures has been performed
as described above, processing is performed in steps m
to o1n FIG. 2 to reset the assigning flags for the above
roots to be ON. Therefore, operation assignment for the
next clock is started.

The operation @ 1s selected at this moment. Simi-
larly, functional unit assignment decision is started. For
example, the functional unit [ALU1] is assigned as a
functional unit for executing this operation, and the
functional unit {[ALU2] is assigned as the functional unit
for executing the next operation (5). When this decision
1s completed, the directed acyclic graph ts modified into
the graph shown in F1G. 4C. Information which repre-
sents possession of the functional units [ALU1] and
[ALU2] within a one-clock period is stored in the func-
tional unit possession recording section 5. Information
of the register rl serving as the destination register of
the operation
register 1s possessed within a two-clock period are
stored 1n the resource use recording section 3.

Decision for assigning the operation @ whose as-
signing flag is ON is started. At this time, however,
since the two functional units [ALU1] and [ALU2] are
set In an in-use state. the assigning flag is set to be QFF.

Processing in steps m to o in FIG. 2 is performed, and
the assigning flag for the root is reset to be ON.

Decision for assigning an operation corresponding to
the next clock (i.e., third clock) to a functional unit will
be started. In this case, information of the register r2
serving as the destination register of the operation @
and recorded in the resource use recording section 3 is
deleted because the 2-clock operation has been com-
pleted.

When decision for assigning an operation corre-
sponding to the third clock is started. only the root
corresponding to the operation 1s present, decided
from the directed acyclic graph. The operation @ IS
selected, and functional unit assignment decision is

started.
The mnemonic of the operation @ is [mul}, and this

operation can be executed by either the functional unit

[ALU1] or the functional unit [ALU2]. For example,
the functional unit [ALU1] is assigned to the operation
@* In this case. three clocks are required to execute the
operation [mul]. judging from the content of the opera-
tor information management section 6 in FIG. §. Infor-
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mation representing possession of the functional unit
[ALU1] within the 3-clock period is recorded in the
functional unit possession management section 5. When
the operation [mul] is executed, it is apparent that the
destination register is possessed within the 3-clock per-
iod. Information of the register r4 serving as the destina-
tion register of the operation and information repre-
senting possession of this register within the 3-clock
period are stored in the resource use recording section
3.

Decision for assigning the remaining upcration@ to
a functional unit is then performed. More specifically,
since the register r4 serving as the source register of the
operation é) IS set in an in-use state, judging from the
information stored in the resource use recording section
3. In this clock period, it is detected to be impossible to
assign the operation(6 ) to a functional unit. Decision of
assigning other operations is then attempted. However,
since no operations except for the operation are
present, an NOP operation is given to the functional
unit [ALU2] which is not subjected to operation assign-
ment, and processing for the next clock is performed.

Assignment of the operation to a functional unit
must be performed even in the processing procedures
for the fourth clock. However, this cannot be per-
formed due to the same reason as described above. As a
result, after NOP operations are respectively supphied
to the functional units [ALU1] and [ALU2], processing
for the next clock is started.

It 1s impossible to assign the operation to a func-
tional unit for the fifth clock due to the same reason as
described above. NOP operations are respectively sup-
plied to the functional units [ALU1] and [ALU2] again.

Processing for the next clock is then started. In this
case, information of the register rd serving as the desti-
nation register of the operation stored in the re-
source use recording section 3 is deleted because a 3-
clock operation is completed.

When the process for the sixth clock is started, deci-
sion for assigning the operation 1s detected to be
possible because the information in the resource use
recording section 3 has been deleted. Registration infor-
mation associated with the operation mnemonic [add] of
this operation @ 1s checked with reference to the oper-
ator information management section 6. For example,
the functional unit [ALU1] is assigned to the operation

. This assignment information is recorded in the
functional unit possession recording section 5.

After a series of processing procedures are executed,
assigning processing is completed because no operation
string is left.

In the above description, the two functional units
[ALU1] and [ALU2] have equivalent functions.

On the other hand, a plurality of functional units
having different functions will be exemplified with ref-
erence to FIG. 7. For the sake of simplicity, operations
(fadd, 1di, fmove, and fmul) are represented by A, B, C,
and D, respectively. As shown in FIG. 7, the following
assignment decision is made for the two functional
units.

That 1s, if it is assumed that the above four operations
A, B, C, and D are not dependent on each other, assign-
ment may be started from any one of the operations.
For example, when the operation A is selected, it is
apparent that the operation A can be executed by any
one of the functional units [ALU1] and [ALU2], judg-
ing from the registration information in the operator
information management section 6 shown in FIG. 7. In
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particular, when the functional unit [ALU2] is selected,
It is apparent that three clocks are required to execute
the operation A. In this case, in order to execute the
operation A by using a smaller number of clocks, the
operation A 1s assigned to the functional unit [ALU1].

The operation B is then checked. That is, it is found
that the operation B can be assigned to only the func-
tional unit [ALU2). The operation B is assigned to the
functional unit [ALU2]. As a result, assignment decision
of the operation C for the next clock is started because
there is no functional unit assignable at this clock count.

When the operation C is selected, it is found that the
- operation C can be executed by the functional unit
[ALU1] or [ALU2]. It is also apparent that the clock
count for the functional unit [ALU1] is equal to that for
the functional unit [ALU2]. In this case, the operation C
can be apparently assigned to either functional unit.
Checking for the next operation is performed. Assign-
ment of the operation C to one of the functional units is
performed to minimize a clock count for executing the
next operation D.

A clock count necessary for execution of the opera-
tion D 1s checked. It is apparent that execution of the
operation D by the functional unit [ALU1] can reduce
a clock count by one clock, judging from the informa-
tion registered in the operator information management
section 6. Based on the above information. the operation
D is assigned to the functional unit [ALU1]. As a result,
the operations assigned to the two functional units
[ALU1]} and [ALU2] are determined in the table of
FIG. 8. Assignment can be completed to execute the
operations by a smaller clock count in the entire system.

In the above embodiment, the operations are assigned
to the two functional units. However, assignment of
operations to three or more functional units can be
performed as described above.

Even if these functional units have different func-
tions, assignment can be similarly performed. Various
changes and modifications may be made for algorithms
for determining selection of a specific one of assignable
functional units. A modification may be made for as-
signment of operations by a smaller clock count in the
entire system.

Various changes and modifications may be made
without departing from the spirit and scope of the in-
vention.

FIG. 9 shows an arrangement of a main functional
part of an apparatus for realizing the method of the
present invention.

That is, this apparatus comprises a resource use re-
cording section 3 for recording use states of resources
required to execute operations, a functional unit posses-
sion recording section § for storing information repre-
senting an in-execution functional unit, and an operator
information management section 6 for storing opera-
tions executable in the respective functional units and
clock counts necessary for executing the operations.
The sections 3, §, and 6 are constituted by a memory
made of, e.g., a RAM.

The apparatus further comprises an operation selec-
tion section 1 for selecting each operation from an oper-
ation string memory section 1 which stores a series of
operations and for loading each selected operation in an
input buffer, a resource usable decision section 2 for
checking whether a resource necessary for executing
the selected operation is in an in-use state with reference
(a) 10 the resource use recording section 3, an operation
assignable unit decision section 4 for obtaining a func-
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tional unit which can execute the selected operation
with reference (b, ¢) to the functional unit possession
recording section § and the operator information man-
agement section 6 when the resource necessary for
executing the selected operation, which is selected by
the usable resource decision section 2, is decided to be
usable, and a functional unit selection section 7 for se-
lecting and deciding an optimal functional unit for exe-
cuting the selected operation with reference (d) to the
operator information management section 6, from func-
tional units (e.g., ALUL, ALU2, ALU3, ALUS4, . . . )
assigned with the operation by the operation assignable
unit decision section 4.

A thick arrow represents a data bus line through
which operation data flows, and a thin arrow represents
a signal line through which reference data or a refer-
ence signal flows.

As described above, according to the present inven-
tion, an operation is analyzed in accordance with an
operation executable by a plurality of units and a clock
count required to execute its operation. At the same
time, each functional unit to be assigned with each oper-
ation selected from a plurality of operations is sequen-
tially determined. Assignment of an operation string
more effectively executed by a smaller clock count can
be facilitated.

Additional advantages and modifications wil readily
occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific
details, representative devices, and illustrated examples
shown and described. Accordingly, various modifica-
tions may be made without departing from the SpIrit or
scope of the general inventive concept as defined by the
appended claims and their equivalents.

What is claimed is:

1. A method of assigning a series of executable codes
to a plurality of functional units included in a processor,
comprising the steps of:

preparing a resource use recording section having

register mearns, said resource use recording section
recording whether data necessary for executing
one of executable codes is ready in said register
means or not;

preparing a functional unit possession recording sec-

tion for recording how the executable codes are
allocated in said functional units:
preparing an operation information management sec-
tion for storing a plurality of data pairs each of
which is formed of one of the executable codes and
a clock count:

checking whether data necessary for executing the
selected one executable code, for every data, is
ready to use or not with reference to said resource
use recording section:

obtaining at least one of said functional units as one

executable code assignable unit which can execute
the selected one executable code with reference to
said functional unit possession recording section
and said operator information management section,
when the data necessary for executing the selected
one executable code is decided to be ready to use
by the previous step; and selecting one of said func-
tional units which executes the selected one execut-
able code in accordance with said assignable func-
tional unit obtained by the previous step.

2. A method according to claim 1, which includes the
step of looking up said functional unit pPOSSEsSIOn re-
cording section and said operator information manage-
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ment section and selecting one of said functional units to
which the executable code is assignable, when said
resource use recording section decides that the one
executable data selected from the series of executable
codes 1s usable at present.

3. A method according to claim 1. which includes the
step of temporarily interrupting the assignment of the
executable code to said functional units.

4. A method according to claim 1, wherein said func-
tional unit possession recording section registers at least
one of said functional units to which the executable
code 15 assigned.

3. A method according to claim 1, wherein said re-
source use recording section stores information repre-
senting the executable codes which are currently us-
able, and said functional unit possession recording sec-
tion stores information of at least one of said functional
units which is not currently usable.
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6. A method according to claim 1, wherein said oper-
ator information management section comprises a mem-
ory for storing the codes executable by said plurality of
functional units and data required for executing the
executable codes.

7. A method according to claim 1, wherein said re-
source use recording section, said functional unit pos-
session recording section, and said operation informa-
tion management section comprises tables assigned in a
memory area of a main memory.

8. A method according to claim 1, wherein said func-
tional unit possession recording section checks what
functional units are usable.

9. A method according to claim 1, wherein said oper-
ator information management section decides that if the
executable code is allocated to which one of the func-
tional units, the execution of the selected executable

code 1s early completed.
" » L & *
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